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by  raft  occupancy  (COND  II).  In  view  of  exposure  duration  ranging  from 
0.5  to  1.0  hr  and  from  2.0  to  3.0  hr  under  CONDITIONS  I  and  II,  respec¬ 
tively,  the  results  indicate  that  survival  and  tissue  damage  protection 
is  afforded,  within  expected  limits  of  time  under  both  emergency  condi¬ 
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istics  as  reduced  weight  and  bulk. 
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SUMMARY 


Introduction 

In  determining  the  adequacy  of  thermal  protective  assemblies  for 
aircrew  personnel,  subjects  equipped  with  the  3/16"  Chloroprene  Wet 
Suit  US),  1/8"  Chloroprene  WS,  and  the  Polyvinyl  Chloride  Wet  Suit  (PVC) 
were  exposed  to  severe  water-air  temperatures  under  two  conditions  of 
use:  constant  Immersion-flotation  (COND  I)  and  a  two-minute  Immersion- 
flotation  period  followed  by  raft  boarding  (COND  II).  In  addition  to  the 
basic  suit  assembly,  the  subjects  were  equipped  with  an  Integrated  torso 
harness  and  an  LPA1  life  vest.  Conventional  head,  hand,  and  foot  gear 
completed  the  protective  suit  assembly.  Various  body  surface  temperatures, 
used  In  the  determination  of  mean  weighted  skin  temperature  (MWST),  and 
rectal  temperature  (Tr)  were  measured  by  means  of  a  multipoint  thermistor 
Indicator  (YSI).  Despite  the  fact  that  target  time  of  exposure  was  preset 
at  1.5  hr  In  COND  I  and  2.5  hr  In  COND  II,  the  subjects  were  Informed 
prior  to  exposure  that  tests  would  be  terminated  upon  reaching  a  rectal 
temperature  of  35°C,  extremity  temperature  of  8°-10°C,  or  upon  an 
expressed  unwillingness  to  continue  In  the  stressful  environment 

Results 


Under  COND  I,  exposure  time  was  Increased  to  slightly  beyond  one  hour 
when  the  3/16"  WS  was  worn;  using  the  1/8"  WS  and  the  PVC,  exposure  time 
varied  between  20  and  35  min.  Among  the  different  suit  assemblies,  the 
average  loss  In  MWST  ranged  between  12°  and  14°C.  Changes  In  Tr  using  the 
3/16"  WS  and  the  1/8"  WS  varied  slightly  between  +0,1°C  and  0,3°C;  the 
greatest  change  In  Tr  (-0.8aC)  was  observed  In  one  test  using  the  PVC. 

Under  COND  II,  exposure  time  was  as  follows:  1..50  to  2.2b  hr  using  the 
3/16"  WS,  2-3  hr  with  the  PVC,  and  2.25  to  2.75  hr  with  the  1/8"  WS, 

A  decrease  of  about  4°-7°C  In  MWST  was  observea  In  tests  using  the  3/16"  WS 
and  the  PVC;  In  the  case  of  the  1/8"  WS,  MWST  loss  ranged  between  5.2°  and 
6.2°C.  The  greatest  change  In  Tr  (-1.4°C)  was  noted  using  the  PVC;  with 
the  1/8"  WS  and  3/16"  WS,  Tr  changes  were  within  -0.9°  and  -0  7°C, 
respectively.  Generally,  tests  were  aborted  because  of  the  temperature 
state  of  the  extremities  (foot  and  toe). 

Conclusions  and  Recommendations 

Test  exposures  In  any  case  were  not  extended  In  time  sufficient  to 
attain  target  objectives  of  1.5  hr  under  COND  I;  exposure  duration  of  2.5 
hr  or  more  was  reached  In  five  of  twelve  tests  conducted  under  COND  II. 

It  Is  considered,  however,  that  extrapolation  of  time-temperature  curves 
of  critical  body  areas  Indicates  that  neither  death  nor  tissue  damage  would 
ensue  under  the  conditions  of  use  of  the  protective  suits,  as  described, 
for  the  projected  time  of  search  and  rescue.  On  the  basis  of  thickness, 
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weight,  end  general  physical  characteristics,  It;  Is  recommended  that  the 
1/8"  WS  be  considered  as  the  suit  assembly  of  choice  for  limited  thermal 
protection  In  extreme  water  temperature  environments  It  is  further 
recommended,  despite  the  fact  that  Imminent  tissue  damaoe  is  not  indicated 
as  a  result  of  this  study,  that  more  adequate  insulation  protection  be 
developed  for  tne  lower  extremities,  especially  the  feet  and  toes,  in 
order  to  attenuate  further  the  effects  of  cold  water  immersion 
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INTRODUCTION 


The  search  for  a  wholly  acceptable  aircrew  suit  assembly  affording 
adequate  protection  in  a  cold  water  environment  has  led  to  the  development 
of  different  wet  suit  assemblies  as  potential  configurations  to  replace 
the  standard  MK5A  exposure  suit..  The  latter  suit  has  been  characterized 
as  bulky  and  burdensome  and,  therefore,  unacceptable  in  a  normal  cockpit 
environment  by  some  pilot  groups,  despite  its  cold  protective  capabilities 
in  the  dry  cold  and  water  immersion  emergency  conditions  for  extended 
periods  of  time,.  The  protective  assemblies  used  in  this  study  represent 
a  departure  from  the  dry  suit  concept  of  the  MK5A  assembly  in  that  an 
acceptable  level  of  water  influx  is  allowed,  accompanied  by  the  consequent 
physiological  effects  of  such  water  intake,,  it  is  considered  that  the 
different  suit  types,  fitted  properly,  are  indicative  of  a  high  level  of 
user  acceptance  by  virtue  of  a  diminished  encumbrance  under  normal  flight 
conditions.,  The  composite  protective  system  herein  considered  incorporates 
additionally  a  one-man  life  raft  with  an  inflatable  floor  and  canopy, 

The  use  of  a  raft  subsystem  is  intended  to  afford  a  higher  level  of  thermal 
protection  during  emergency  exposures,  where  and  when  it  is  most  required,, 
The  objective  of  this  study,  therefore,  is  to  investigate  the  physiological 
responses  of  subjects  exposed  to  extreme  water-air  temperature  conditions 
while  wearing  different  protective  suit  assemblies  alone  and  in  conjunction 
with  a  life  raft  subsystem  with  an  inflatable  floor  and  canopy, 


METHODS 


The  tests  were  conducted  in  the  Weather  Room  Facility  of  the  laboratory 
wherein  the  ambient  temperature  conditions  were  established  well  in  advance 
of  the  start  of  the  individual  test,.  In  addition,  the  cold  chamber  facility 
incorporated  an  immersion  pool  (18'  diameter  x  4!  deep)  wherein  water 
temperatures  were  established  prior  to  the  start  of  the  test.  The  desired 
level  of  wind  velocity  was  attained  by  the  use  of  fans  positioned  at  the 
edge  of  the  pool  and  directed  on  the  exposed  subject  The  environmental 
conditions  for  all  tests  were  as  follows,  0cC  ( 32  F )  water  temperature  (Tw), 
-6„7°C  (20°F)  air  temperature  (Ta)  and  a  wind  velocity  (WV)  of  20  MPH 
directed  on  the  immersed  subject  or  the  subject  enclosed  in  the  canopied 
raft,  depending  on  the  conditions  under  which  the  tests  were  run 

Two  volunteer  subjects  from  the  enlisted  complement  of  the  laboratory 
were  used  as  test  subjects,,  Each  man  was  well  indoctrinated  in  the  test 
procedure  and  was  familiar  with  the  rigors  of  cold  water  exposure,  having 
participated  as  subjects  in  programs  previously  conducted..  Nevertheless, 
they  were  instructed  prior  to  the  commencement  of  the  test  program  to  abstain 
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from  alcoholic  beverages  for  12  hr  prior  to  the  scheduled  test  and  to 
assure  themselves  of  an  adequate  night  s  rest  followed  by  their  customary 
breakfast  and  lunch,  between  which  time  heavy  work  was  to  be  avoided., 

The  subjects  were  further  instructed  to  tend  to  their  personal  needs  in 
regard  to  urination  and  defecation  prior  to  reporting  for  duty,  In  this 
fashion,  it  was  anticipated  that  the  subjects  would  report  for  test  duty 
in  the  most  acceptable  physical  condition  as  might  be  normally  expected,. 

The  protective  suit  assemblies  used  in  the  program  were  designated 
as  follows:  (1)  the  3/16"  Chloroprene  Wet  Suit  (3/16"  WS),  (2'  the  1/8" 
Chloroprene  Wet  Suit  (1/8"  WS);  and  (3)  the  3/16"  Polyvinyl  Chloride  Wet 
Suit  (PVC)  The  polychloroprene  and  polyvinyl  chloride  material  used  in 
the  construction  of  the  protective  suits  are  foams  of  closed-cell  designed 
to  provide  a  level  of  thermal  insulation,,  The  physiological  advantages  to 
be  gained  by  the  use  of  wet  suit  types  have  been  investigated  in  experi¬ 
mental  programs  concerned  with  the  effects  of  cold  water  immersion  on 
exposed  personnel  (1,  2)„  In  addition  to  the  basic  suit  assembly,  the 
subjects  were  equipped  with  Rhovyl  underwear,  an  integrated  torso  harness, 
a  life  vest,  and  a  survival  vest*  Conventional  head,  hand,  and  foot  gear, 
represented  by  wool  inserts  and  anti -exposure  mittens,  woo!  socks  and 
flight  boots,  flight  helmet,  and  anti -exposure  inflatable  hood,  completed 
the  personal  protective  suit  assembly,. 

In  tests  involving  the  subjects  in  the  non-irnmersed  condition  main¬ 
tained  for  the  duration  of  the  run,  the  one-man  life  raft  (LRU-8P),  equipped 
with  an  inflatable  floor  and  canopy  providing  a  dead-air  space  barrier 
between  the  man  and  the  frigid  air-water  environment,  was  used.  In  cases 
where  loss  of  air  in  the  inflatable  floor  and  canopy  was  encountered,  the 
subject  supplied  oral  inflation  to  the  specific  area  as  required  in  the 
course  of  the  run,,  Water  taken  into  the  raft  during  the  boarding  maneuver 
was  bailed  out  by  means  of  the  conventional  container  and/or  the  flight 
helmet  in  cases  of  large  volume  intake.  In  any  event,  the  constancy  of 
the  bailing  out  of  water  from  the  raft  was  maintained* 

The  schedule  of  testing  for  the  cold  water  immersion  program  is  shown 
in  Table  I*  Two  subjects,  wearing  the  three  different  suit  configurations 
under  two  sets  of  conditions,  were  exposed  to  a  constant  set  of  ambient 
conditions  as  follows:  0°C  (32°F)  Tw,  -6„7°C  (20°F)  Ta,  and  20  MPH  WV„ 

In  COND  I  the  subjects  were  in  the  immersed-flotation  attitude  for  the 
duration  of  the  test  and  in  COND  II  the  two-minute  immersion  period  was 
followed  by  the  raft  occupancy  for  the  duration  of  the  run*  The  24- run 
program  was  conducted  over  a  period  of  six  weeks  on  the  basis  of  four  runs/ 
week,  the  first  day  of  the  week  allowing  for  the  establishment  of  air  and 
water  temperature  conditions  in  preparation  for  the  week’s  testing* 

In  only  two  cases  were  runs  postponed  to  the  seventh  week  by  reason  of 
subject  indisposition  It  was  predetermined  that  the  immersion  tests  be 
conducted  during  the  first  half  of  the  testing  period  and  that  the  raft 
studies  follow  during  the  second  half  of  the  six-week  period*  Under  either 
condition,  the  subject,  suit  type,  and  replicative  test  were  randomized  in 
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order  to  reduce  any  biasing  effect  of  the  environmental  stress  and  personal 
equipment  on  the  subjects  to  a  minimum,. 

The  protocol  of  each  test  in  the  experimental  program  followed  the 
same  general  pattern,  except  for  the  starting  time  of  tests  under  CONDITIONS 
I  and  IL  For  the  immersion  condition  (COND  I),  tests  were  begun  in  the 
afternoon  in  order  to  assure  further  the  constancy  of  the  environmental 
conditions;  for  the  raft  condition  (COND  II),  tests  were  begun  'n  the 
morning  in  anticipation  of  the  extended  duration  of  the  particular  test 
Upon  reporting  for  duty,  the  subjects  were  weighed  nude  and  their  rectal 
temperature  (Tr)  and  pulse  rate  were  noted  in  order  to  assure  an  accept¬ 
able  physiological  state  in  regard  to  these  parameters  A  series  of 
thermistor  temperature  sensors  was  adhesed  to  different  parts  of  the  body, 
including  the  pads  of  the  index  finger  and  great  toe,  for  the  measure  of 
skin  temperature  (Ts);  an  in-dwelling  thermistor  rectal  probe  was  inserted 
to  a  depth  of  6-8  cm  for  a  measure  of  deep  body  temperature  (Tr)  Skin  and 
body  temperatures  were  read  directly  using  a  VS1 -Tele- Thermometer 
A  measure  of  mean  weighted  skin  temperature  (MUST)  was  derived  from  the 
individual  skin  temperatures  according  to  the  weighting  factors  indicated 
in  Table  II. 

Following  the  instrumentation  of  the  subject  with  the  various  tempera¬ 
ture  sensors,  the  appropriate  protective  clothing  was  donned  as  shown  in 
Figure  1.,  Upon  completion  of  the  dressing  sequence  and  prior  to  the  actual 
exposure,  the  subject  was  ventilated  by  means  of  a  portable  conditioning 
device  (Figure  2)  in  order  to  dissipate  any  heat  buildup  generated  in  the 
course  of  dressing,  thereby  assuring  to  some  degree  a  level  of  thermal 
equivalence  for  all  subjects  at  the  start  of  the  actual  exposure,.  The  sub¬ 
ject  was  then  disconnected  from  the  ventilating  unit  and  was  directed  to  the 
environmental  chamber  and  the  immersion  pool.  The  run  lasted  until  certain 
physiological  endpoints  were  reached  (extremity  temperature  =  8'-10°C, 
core  temperature  -  3 5 ° C )  or  until  the  subject  indicated  an  unwillingness  to 
continue  in  the  stress  environment  (Figures  3,  4,  5)  At  the  conclusion  of 
the  test,  the  subject  was  rewarmed  in  an  immersion  tank  in  which  water  was 
maintained  at  40,.6°-43  3°C  (105 ' ■  1 10CF)  temperature  (Figure  6) 


RESULTS 


The  results  ■  oncerning  exposure  time  and  various  body  temperatures  for 
tests  under  COND  I  are  presented  in  Taole  111  When  the  3/16"  WS  was  worn 
by  the  subjects,  the  order  of  exposure  time  ranged  between  30  min  and  1  hr 
10  min;  in  the  case  of  both  the  PVC  and  1/8'  WS,  exposure  time  was  of  the 
general  order  of  30  min  under  the  same  environmental  conditions  While 
decreases  in  MWST  from  initial  to  final  levels  were  of  the  same  order  of 
magnitude  using  the  3/16"  WS  and  the  PVC  (11-14  C  and  11  -13°C,  respectively), 
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the  n^test  losses  In  MWST  were  observed  In  tests  using  the  I/O"  WS 
13°-16°C).  Decrease  In  Tr  using  the  3/ 16*'  WS,  the  1/8"  WS,  end  In  three 
of  the  four  tests  using  the  PVC,  varied  only  slightly  from  0  r-0  3'C, 

In  the  remaining  test  using  the  PVC,  a  drop  of  0  8  C  in  Tr  wm  observed. 
Generally,  In  this  phase  of  the  program  (COND  1),  the  reason  for  the 
termination  of  tests  was  attributable  to  the  temperature  state  of  the 
great  toe,  foot,  or  both,  as  shown  in  the  temperature  data  presented  In 
Table  III  !n  all  tests  conducted  ider  COND  I,  except  In  one  exposure 
when  the  3/16"  WS  was  worn,  the  temperature  state  of  the  Index  finger  and 
hands  did  not  contribute  towards  the  delimiting  of  exposure  time;  the 
observed  temperature  values  of  the  finger  and  hand  at  the  end  of  exposure 
in  each  test  of  COND  I  are  shown  In  the  same  table. 

In  Table  IV,  the  results  concerning  exposure  time  and  various  body 
temperatures  for  COND  II  are  presented.  When  the  3/16"  WS  was  worn  by  the 
subjects,  the  order  of  exposure  time  ranged  between  1  hr  30  min  to  2  hr 
15  min,,  In  the  case  of  the  1/8"  WS  tests,  exposure  time  varied  between 
2  hr  20  min  and  2  hr  40  min;  the  range  of  exposure  time  when  the  PVC  was 
worn  was  of  the  order  of  2-3  hr.  The  change  in  MWST  from  initial  to  final 
levels  during  the  various  exposures  ranged  from  -4.T  to  -6.7'C  when  the 
3/16"  WS  was  worn;  In  exposures  using  the  1/8"  WS  and  the  PVC,  decreases 
In  MWST  of  -5  2°  to  - 6 .. 4 0 C  and  -4,6°  to  -7.2' C,  respectively,  were  observed. 
In  three  exposures  using  the  3/16"  WS,  decreases  In  Tr  ranged  between  -01' 
and  -0.7°C;  the  measure  of  Tr  In  the  fourth  test  was  Invalid  due  to  the 
retraction  of  the  rectal  catheter  probe  during  the  course  of  exposure. 

Rectal  temperature  changes  using  the  1/8"  WS  ranged  between  -0.3°  and  -0  9°C; 
when  the  PVC  was  worn,  observed  decreases  In  this  parameter  varied  between 
-0.3°  and  -1„4°C,  Under  COND  II,  foot  and  toe  temperatures  reached  levels 
(<10.0°C)  which  Indicated  the  termination  of  the  run  In  eight  of  twelve 
tests  conducted  In  this  phase  of  the  program.  In  all  runs  using  the  PVC, 
toe  temperatures  attained  levels  Indicative  of  abortion,  while  In  the  case 
of  both  the  1/8"  WS  and  3/16"  WS,  only  in  two  of  four  tests  each  was  this 
level  of  toe  temperature  observed.  While  the  temperature  of  the  hands  and 
fingers  dropped  naturally  to  cold  levels  In  all  exposures,  none  was  so 
severe  as  to  dictate  the  termination  of  the  run  In  four  of  twelve  tests 
in  this  phase  of  the  program,  wherein  neither  extremity  (hand  or  foot)  had 
attained  temperature  levels  Indicative  of  abortion  of  Che  trials,  the  runs 
were  terminated  because  of  extreme  cold  discomfort,  as  reported  subjectively 


DISCUSSION  AND  CONCLUSION 


The  duration  cf  each  exposure  in  the  experimental  program  was  based  on 
the  attainment  of  critical  body  temperatures  or  on  the  subject's  expressed 
unwillingness  to  continue  in  the  stressful  environment.  In  all  except  two 
tests  using  the  3/16"  WS  and  two  using  the  1/8"  WS  under  COND  II,  wherein 
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th«  tps t.  was  t.prm1nat«»d  at  the  raquoxl  of  the  xuhjei  t ,  fnleraiue  t  imp  wax 
dictated  hy  the  c r*  1 1. 1 1: n  1  (. u »*0  of  1ho  ext remit  lex  (  in  (.) 

The  measure  of  in  It  protect  too  to  term*  of  tolerance  I  (mo,  therefore, 
wax  limited  In  most  oas**  hy  (ho  more  immediate  and  «l ( rot  f  rexponxe  of  tho 
uniformly-equipped  extremlt  (o\  to  thr  expoxure  tnndiMonx  It  lx  xuq- 
qexted  that  mil t  protection  may  mono  validly  havo  boon  axxexxed  if  tho 
design  of  extremity  1  it“-  u  I  a  t  (on  would  havo  a  I  lowoil  for  morr  extended  expo¬ 
sure*  under  tho  environmental  .onditionx  ami  attitudes  of  lexling 

Tlu*  determination  of  survival  t  (mo  and  onset  of  tissue  damage  was 
based  on  the  extrapolation  of  time  temporal him*  turvos,  as  omployod  in 
previous  studies  concerned  with  tho  phyxlolouli.il  ovalu.it  ion  .if  submarine 
escape  suit  systems  (3,  A)  In  none  of  tho  toxis  conducted  was  tho  core 
or  rectal  temperature  so  affected  as  to  indicate  a  threat  to  survival 
within  the  projected  time  mi vo lope  of  I  !»  hr  tor  t'.UNO  I  and  2  h  hr  tor 
C0N11  11.  l  ikewise,  the  temperature  level  reached  hy  tlio  extremities  at 
the  end  of  each  test  did  not  Indicate  the  onset  of  tissue  damage  within 
the  time  envelope  required  under  CONDITIONS  1  and  II  Under  the  expert- 
mental  conditions  of  the  program  reported  hereto,  both  the  1/8  WS  and  the 
PVC  effected  an  exposure  time  of  25-30  min  in  immersion- 1 1  out  Ion  tests 
and,  under  the  same  conditions,  the  3/lfi  WS  allowed  for  at  least  one 
exposure  of  Slightly  beyond  1  0  hr  In  duration,  notwithstanding  the  greater 
losses  observed  In  foot  ami  hand  temperatures  In  any  case,  results 
Indicated  khat  tho  haiards  to  survival  and  tissue  damage  were  well  beyond 
the  required  limit  of  time  (1,5  hr)  under  experimental  conditions  ot 
immersion-flotation  In  the  low  temperature  water  environment  Under 
COND  II, a  two-minute  Immersion  followed  by  raft  occupancy,  average  exposure 
time  for  both  the  PVC  and  the  I/O"  WS  was  of  tho  order  of  ?  5  hr,  under  the 
same  conditions,  the  3/16"  WS  effected  an  average  exposure  time  of  slightly 
less  than  2.0  hr.  These  differences  In  exposure  duration  are  attributable 
to  the  limiting  temperature  condition  ot  the  extremities  In  most  cases,  as 
mentioned  previously,  and  not  to  the  protective  characteristics  ot  the 
different  suit  assemblies  per  se  In  this  regard,  a  lesser  order  ot  MWST 
decrease  (av  -  5.2  C)  was  observed  when  the  3/16'  WS  was  worn  than  when 
either  the  PVC  or  the  1/8"  WS  was  worn  by  the  subjects  during  tests  ot 
Immersion  followed  by  raft  occupancy  With  average  decreases  In  rectal 
temperature  of  less  than  1  0  C  in  all  tests  under  COND  11,  and  with  limit¬ 
ing  extremity  temperatures  attained  after  1  5-?  5  hr  ot  exposure,  it  Is 
considered  that  any  question  ot  survival  or  tissue  damage  (s  well  beyond 
the  required  limit  of  time  (25  hr)  under  conditions  of  raft  occupancy, 
preceded  by  a  two-minute  Immersion  period,  in  the  extreme  cold  water 
environment 

It  has  been  established,  therefore,  that  the  different  exposure  suit 
assemblies  considered  In  this  program  of  study  possess  the  thermal  (imita¬ 
tive  qualities  needed  to  protoct  aircrew  personnel  exposed  to  a  frigid 
water  environment,  in  a  selection  of  the  suit  assembly  most  acceptable  In 
all  aspects,  It  would  appear  that  factors  other  than  those  of  concern  in  a 
physiological  assessment  must  be  considered  These  characteristics  may 
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Include  such  qualities  a*  weight,  hulk,  and  ease  of  repair  While  observa¬ 
tions  concerning  these  physical  characteristic*  In  the  different  Milt 
assemblies  were  not  germane  to  the  present  study,  It  would  appear,  never* 
theless,  that  the  I /ft"  WS  1*  characterised  hy  acceptable  physical  qualities 
and,  at  the  same  time,  can  supply  adequate  thermal  protection,  within  the 
time  constraint*  mentioned  heretofore,  under  extreme  cold  water  conditions 
of  Immersion- flotation  and  raft  occupancy,  preceded  hy  a  two-minute  period 
of  Immersion- flotation 

An  important  factor  in  the  determination  of  thermal  protection  In  a 
cold  water  environment  under  COND  1!  Is  the  length  of  time  spent  In  the 
water  prior  to  raft  cotry.  If  the  time  of  exposure  In  frigid  waters  were 
extended  appreciably  beyond  two  minutes,  an  Interval  of  time  considered 
sufficient  for  raft  entry  under  anticipated  emergency  conditions,  tests 
Indicate  that  exposed  Individuals  equipped  with  either  the  l/fl"  WS  or  the 
PVC  would  be  more  seriously  affected  than  those  wearing  the  3/16"  WS,  as 
evidenced  hy  the  results  under  CUND  I  Under  these  conditions,  the  thermal 
protection  afforded  by  the  inflatable  life  raft  would  he  expeeted  to  over¬ 
come  the  more  severe  levels  of  cold  stress  resulting  from  extended  Immer¬ 
sion  time  Emphasis  Is  placed,  therefore,  on  a  two-minute  Immersion  prior 
to  raft  entry  In  order  to  prevent  an  appreciable  reduction  of  the  protective 
capabilities  of  the  suit  assemblies  In  a  cold  water  environment 

The  removal  of  water  taken  Into  the  raft  In  the  boarding  maneuver  Is 
likewise  Important  In  a  consideration  of  the  overall  protective  system. 

As  mentioned  In  the  approach  to  this  Investigation,  the  constancy  of  water 
removal  was  maintained  In  order  to  eliminate  any  biasing  effects  attribut¬ 
able  to  varying  amounts  of  cold  water  taken  In  or  retained  In  the  life  raft 
among  all  tests  In  the  program.  This  removal  of  raft  water  was  accomplished 
by  the  use  of  helmets,  plastic  buckets,  and  sponges.  In  the  real  emergency, 
even  greater  amounts  of  water  than  those  under  controlled  laboratory  condi¬ 
tions,  and  most  probably  at  more  frequent  Intervals  than  just  at  raft 
boarding,  may  be  taken  Into  the  raft  as  a  result  of  unfavorable  sea-state 
conditions.  Since  unreported  tests  Indicate  that  adverse  thermal  effects 
can  occur  In  potential  pooling  areas  in  the  raft,  It  Is  Imperative  that 
more  efficient  methods  be  devised  to  remove  raft  water  In  order  to  enhance 
the  thermal  protective  capability  of  the  entire  system 
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SCHEDULE  FOR  COLD  WATER  IMMERSION  PROGRAM 
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TABLE  I! 

THERMISTOR  LOCATION  AND  WEIGHTING  FACTORS  USED 
IN  DETERMINING  MEAN  WEIGHTED  SKIN  TEMPERATURE 


LOCATION 

WEIGHTING  FACTOR 

^ , 

Rectal 

•  • 

2,, 

Right  great  toe,  pad 

0.0350 

3. 

Right  foot,  dorsum 

0  0350 

4. 

Right  calf,  lateral 

0  1 300 

5. 

Right  mid-thigh,  lateral 

0.0950 

6, 

Right  mid-thigh,  medial 

0  0950 

7. 

Xiphoid  area 

0  0875 

8, 

Right  upper  chest 

0  0875 

9. 

Right  scapula 

0,0875 

10, 

Lower  back,  kidney  level 

0,0875 

11. 

Right  Index  finger,  pad 

0,0250 

12, 

Right  hand,  dorsum 

0,0250 

13, 

Right  mid-forearm,  anterior 

0,0700 

14, 

Right  upper  arm,  lateral 

0,0700 

15, 

Forehead 

0.0700 

'C 
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FIGURE  1  -  Subject  instrumented  with  thermistor  sensor 

harness  and  wearing  two-piece  Rhovyl  underwear. 
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1.  IURRL  RMINTARY  NOTH 

II.  IRONIORINQ  MILITARY  ACTIVITY 

Naval  Air  Systems  Command 

Department  of  the  Navy 

Washington,  D  C  20360 

11.  ABSTRACT 

The  physiological  responses  of  two  volunteer  subjects  exposed  to  an  extreme 
cold  water  environment  (O’C)  while  wearing  the  3/16"  Chloroprene  Wet  Suit,  1/8" 
Chloroprene  Wet  Suit,  and  the  Polyvinyl  Chloride  Wet  Suit  were  investigated 
under  two  conditions  of  use:  constant  immersion-flotation  (COND  I)  and  immer¬ 
sion-flotation  for  a  two-minute  period  followed  by  raft  occupancy  (COND  II) 

In  view  of  exposure  duration  ranging  from  0.5-1  0  hr  and  from  2  0-3  0  hr  under 
CONDITIONS  I  and  II,  respectively,  the  results  Indicate  that  survival  and  tissue 
damage  protection  is  afforded,  within  expected  limits  of  time  under  both  emer¬ 
gency  conditions  for  search  and  recovery,  by  any  of  the  clothing  assemblies 
tested.  It  Is  recommended,  therefore,  that  the  1/8"  Chloroprene  Wet  Suit  be 
considered  as  the  most  acceptable  on  the  basis  of  such  physical  characteristics 
as  reduced  weight  and  bulk,. 


DD  1473 


UNCLASSIFIED 

Security  Classification 


IINCIASS1 II  Cl) 

ouvtty  STaiaalfiestion 


PROTECTIVE  SUIT  ASSEMBLIES 
COLO  WATER  IMMERSION 
BODY  TEMPERATURE 


LINK  C 


INSTRUCTIONS 


1.  ORIGIN  ATI  NO  ACTIVITY:  Entar  ih#  nama  and  address 
of  (ha  contractor,  aubcontractor,  grantoa,  Dapartmant  of  Da- 
fanaa  activity  or  othar  organisation  ( corporate  author)  laaulng 
tha  raport. 

2a.  RBPOMT  SECURITY  CLASSIFICATION:  Entar  tha  over- 
all  aacurlty  claaalflcatlon  of  tha  roport.  Indie  at*  whathar 
"Restricted  Data"  la  included.  Marking  la  to  ba  In  accord- 
anoo  with  approprlata  aacurlty  regulations. 

2h.  GROUP:  Automatic  downgrading  la  apaclflad  in  DoD  Di¬ 
rective  5200. 10  and  Armad  Forcaa  Industrial  Manual.  Entar 
tha  group  number.  Also,  whan  applicable,  show  that  optional 
markings  have  bean  used  for  Group  3  and  Oroup  4  a*  author¬ 
ised. 

3.  REPORT  TITLE:  Entar  tha  complete  raport  title  In  all 
capital  letters.  Titles  in  all  cases  should  ba  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  In  all  capitals  In  parenthesis 
immediately  following  the  tttla. 

4.  DESCRIPTIVE  K7TE&  If  approprlata,  enter  tha  type  of 
report,  e.g.,  Interim,  progress,  summary,  annual,  or  final. 

Qive  tha  Inclusive  datoa  whan  a  specific  reporting  period  la 
covered. 

5.  AUTHOR(B)!  Entar  tha  name(a)  of  mithoi<a)  as  shown  on 
or  In  tha  report.  Entar  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  Tha  name  of 
the  principal  author  la  an  absolute  minimum  requirement. 

6.  REPORT  DATE:  Entar  the  date  of  the  raport  as  day, 
month,  year,  or  month,  yean  If  more  than  one  date  appears 
on  the  raport,  use  date  of  publication. 

7 a.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
ahould  follow  normal  pagination  procedures,  U.,  enter  the 
number  of  pages  containing  Information 

76.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  In  the  raport. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

9b,  Sc,  Si  Sd.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  aystem  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
aaeigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  eponaor),  also  enter  this  numbers). 

10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  sny  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statamanta 
such  aa: 

(1)  "Qualified  requesters  may  obtain  coplaa  of  this 
raport  from  DDC” 

(2)  "Foreign  announcement  and  dissaminatlon  of  this 
raport  by  DDC  ia  not  authoriaad." 

(3)  "U.  S.  Qovamment  aganclaa  may  obtain  copiaa  of 
thia  raport  directly  from  DDC.  Other  qualified  DDC 
users  a  hall  raquest  through 


"U.  S.  military  agenciaa  may  obtain  coploa  of  thia 
report  directly  from  DDC  Other  qualified  users 
shall  raquest  through 


"All  distribution  of  thia  raport  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  tha  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  thia  fact  and  entar  the  price,  if  known. 

1L  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  tor)  tha  research  and  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  apace  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  and  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  reproaented  aa  (TS),  (3),  (C),  or  (V). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  auggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  thst  characterise  a  report  and  may  be  used  aa 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  aa  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  Indication  of  technical  con¬ 
text.  The  assignment  of  links,  rales,  and  weights  ia  optional. 


DD  1473  (BACK) 


